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Counter track joint with track turning point 



D escri p tion Technical Field 
[0001] The invention relates to a constant velocity joint in the form of a counter 
track joint with the following characteristics: an outer joint part which comprises a 
first longitudinal axis and an attaching end and an aperture end which are axially op- 
posed relative to one another, and which outer joint part further comprises first outer 
ball tracks and second outer ball tracks; an inner joint part which comprises a second 
longitudinal axis and attaching means for a shaft pointing to the aperture end of the 
outer joint part, and which inner joint part further comprises first inner ball tracks and 
second inner ball tracks; the first outer ball tracks and the first inner ball tracks form 
first pairs of tracks with one another; the second outer ball tracks and the second in- 
ner ball tracks form second pairs of tracks with one another; the pairs of tracks each 
accommodate a torque transmitting ball; a ball cage is positioned between the outer 
joint part and the inner joint part and comprises circumferentially distributed cage 
windows which each accommodate at least one of the balls; when the joint is in the 
aligned condition, the aperture angle of the first pairs of tracks opens in the central 
joint plane from the aperture end to the attaching end of the outer joint part; when the 
joint Is in the aligned condition, the aperture angle of the second pairs of tracks opens 
In the central joint plane from the attaching end to the aperture end of the outer joint 
part. 

Background 

[0002] In principle, counter track joints of the above-mentioned type are known 
from BE 102 20 711 A1 U.S. Patent No. 6.848.999 showing joints with 6 balls and 
with 8 balls. The type of ball tracks described here corresponds to the type known in 
itself from Rzeppa joints (RF joints) and undercut-free joints (UF joints). This means 
that the c e ntro center lines of the ball tracks consist of uniform radii (RF joints) and, 
respectively, are composed of radii and adjoining axis-parallel straight lines (UF 
joints). In the counter track joints described, the axial opening direction of the pairs 
of tracks alternates around the circumference, which leads to the type of counter 
track joint. Counter track joints of this type are disadvantageous in that the angle of 
articulation is limited to approximately 45 degrees because when this angle of 
articulation is exceeded, the first ball in the joint articulation plane leaves the first 
pairs of track. 
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[0003] From DE 103 37 612 A1 there are known counter track joints wherein 
the track centr e center lines of the first pairs of tracks whose opening angle - when 
the joint is in the aligned condition - points towards the joint base, are designed in 
such a way that, when the joint is articulated, the opening angle, from a certain angle 
of articulation onwards, experiences a reversal of its direction of opening. More 
particularly, this is achieved in that the eentre center lines of the ball tracks of the first 
pairs of tracks are S-shaped and thus each comprise a turning point. 

[00041 DE 100 60 220 At U.S. Publication No. 2004/116192 . Inter alia, 
describes counter track joints wherein the c e ntre center lines of the first outer ball 
tracks comprise a turning point near the joint aperture, so that the cerrtFe center lines 
of the first outer ball tracks are S-shaped. Because of the requirement of symmetry, 
the same applies to the c e ntr e center lines of the first inner ball tracks of the inner 
joint part. The angle of articulation of said counter track joints can be increased in 
this way. 

[0005] As far as joints of the two latter types are concerned, the basic principle 
of counter track joints. I.e. alternately opposed directions of the track opening angles 
and thus alternately opposed directions of the axial forces of balls acting on the ball 
cage only applies until a ball has reached the turning point from the inwardly curved 
track region to the outwardly curved track region. When the angle of articulation at 
which the ball occupies said second track region of the respective S-shaped tracks 
has been reached, the track opening angles are no longer, in their entirety, alter- 
nately directed around the circumference and the axial forces applied by the balls to 
the ball cage are no longer axially balanced. The counter track principle thus no 
longer applies and the ball cage has to axially support itself at the outer joint part 
and/or on the ball hub. Because of the Increased internal friction between the ball 
cage and the outer joint part and inner joint part respectively, this can lead to a re- 
duced service life. 
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Summary Of The Invention 
[0006] Based on this, it is tlw an object of the present invention, starting from 
the state of the art mentioned initially, to develop a fixed joint ©t of the counter track 
type, which can achieve increased angles of articulation and features an increased 
service life. 

[0007] The One solution consists i n prov i d i ng provides a joint with the 
following characteristics: an outer joint part which comprises a first longitudinal axis 
and an attaching end and an aperture end which are axially opposed relative to one 
another, and which outer joint part further comprises first outer ball tracks and 
second outer ball tracks; an inner joint part which comprises a second longitudinal 
axis and an attaching m e an s mechanism for a shaft pointing to the aperture end of 
the outer joint part, and which inner joint part further comprises first inner ball tracks 
and second inner ball tracks; the first outer ball tracks and the first inner ball tracks 
form first pairs of tracks with one another; the second outer ball tracks and the 
second inner ball tracks form second pairs of tracks with one another; the pairs of 
tracks each accommodate a torque transmitting ball; a ball cage is positioned 
between the outer joint part and the inner joint part and comprises circumferentially 
distributed cage windows which each accommodate at least one of the balls; when 
the joint is in the aligned condition, the aperture angle of the first pairs of tracks 
opens in the central joint plane from the aperture end to the attaching end of the 
outer joint part; when the joint is in the aligned condition, the aperture angle of the 
second pairs of tracks opens in the central joint plane from the attaching end to the 
aperture end of the outer joint part, ch a r a ct e ris e d in that wherein the central track 
lines of the first pairs of tracks each have a turning point T1.2 and that the centr o 
center angle yff from the joint center M to at the turning point, with reference to the 
central joint plane, is greater than 4°. In this way it is ensured that, within the service 
life range of operation, the joint operates according to the principle of as a counter 
track joint. The service life range of operation refers to joint operation within the 
service life angle at which the design service life of the joint is reached under 
changing load conditions without the joint suffering any damage. 

[0008] This means that within the so-called service life range, the principle of 
the counter track joint always applies, so that the service life is prolonged. The ser- 
vice life range is defined by the service life angle Pi,. If operated within this angle of 
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articulation, the joint, by definition, reaches the design service life. At the same time, 
however, a further joint articulation is possible so that greater angles of articulation 
can be achieved. In accordance with the invention, the transition to the second range 
is defined in such a way that it is located outside the track region which is passed by 
the balls in the service life range in the ball tracks. Below, preferred embodiments will 
be described for the position of said turning point. It has to be explained here how the 
term "turning point" is used: on the one hand, in the mathematically applicable sense 
of a transition from a curvature into a counter-curvature and on the other hand, in a 
mathematically inaccurate sense for the transition from a curvature into a straight line 
tangentially adjoining the curvature. Both interpretations apply to the term "turning 
point" used here. It would also be possible to use the term "tangent point". 

[0009] According to a first pr e f e rr e d embodiment, i t i s propos e d that that the 
eentpe center angle P from the joint center M to at the turning point P1-2, with 
reference to the central joint plane E, is greater than 5°. According to a further 
embodiment, it is propo s e d that the centr e center angle 13 from the joint center M to at 
the turning point P1.2, with reference to the central joint plane E, is smaller than 12°. 

[0010] Furthermore, it is proposed that a tangent T1.2 at the central track line of 
the first pairs of tracks in the turning point P1.2 forms a turning point angle a, with the 
respective longitudinal axis and, respectively, that a perpendicular line on said 
tangent T1.2 forms a turning point angle a with the central joint plane (E), which 
turning point angle is defined by: 



wherein O2 is the axial distance between the point of intersection of a perpendicular 
line on the tangent T4-2 and the respective longitudinal axis A from the central joint 
plane E and wherein R2 is the distance between said point of intersection and the 
turning point P1-2. 




[0011] According to a further first special embodiment i t is proposed that the 
turning point angle a is defined by: 
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a ^ + arcsml ^ ^ ^'^ ' - sin (;0 + 90°)j 

if the respective tracl< o e ntr e center lines in the central joint plane E and up to the 
turning point P« Tj^ comprise a radius R2 whose o e ntr e center M2 comprises an 
axial distance O2 from the central joint plane E and a radial distance a from the 
respective longitudinal axis in the direction towards the turning point P+^Ti^. 

[0012] An alternative special embodiment consists i n provides that the turning 
point angle a is defined by: 

if the respective track c e ntr e center line in the central joint plane E and up to the 
turning point P4-2 Tt£ comprise a radius R2 whose c e ntr e center M2 comprises an 
axial distance O2 from the central joint plane E and a radial distance b from the 
respective longitudinal axis A in the direction away from the turning point P+^Ti^. 

[0013] An inventive counter track joint with 8 balls for an angle of articulation of 

47 - 52° is optimised if the following relationships are observed between individual 

measured parameters: 

1/5<PCDB/R1 < 1.9 

1.8<PCDB/R2 <2.2 

2.3<PCDB/R3 <2.7 

2.1 < PCDB/R4 <2.5 

1.8<PCDB/R5 <2.2 

12 <PCDB/02 <16 

12 <PCDB/05 <16 

0.6 < PCDB / OD < 0.8 

2.1 <PCDB/L <2.5 
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3.4<PCDB/DB <4.0 
2.1 < PCDB/DS <2.5 
0.75 < PCDB/DCA< 1.05 
0.85 < PCDB/DCK 1.15 

7.5 < PCDB/W < 11.5 
2.8 < PCDB / LI < 3.4 

2.6 < PCDB / L2 < 3.2 

[0014] In said relationships, the parameters used have the following meaning: 

PCDB: pitch circle diameter of balls 

R1 : outer part ball track radius 1 (first ball tracks) 

R2 : outer part ball track radius 2 (first ball tracks) 

R3 : outer part ball track radius 3 (first ball tracks) 

R4 : outer part ball track radius 4 (second ball tracks) 

R5 : outer part ball track radius 5 (second ball tracks) 

02 : outer part ball track offset for track with opening angle towards attaching end 
05 : outer part bail track offset for track with opening angle towards aperture end 
OD : outer diameter outer part 
L : length inner part 
DB : ball diameter 

PCDS: pitch circle diameter of splines 
DCA : cage outer diameter 
DCI : cage inner diameter 
W : cage web width 

L1 : cage window length 1 (first cage windows) 
L2 : cage window length 2 (second cage windows) . 

Brief Description Of The Drawings 
[0015] Pr e f e rr e d Several embodiments of the invention are illustrated in the 

drawings and will be described below: 

[0016] Figure 1 shows an inventive counter track joint with 6 balls in a first 
embodiment; 

a) A) in a complete view in a longitudinal section : and 
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fe) B] with its outer joint part in the form of a detail in a longitudinal section. 



[0017] Figure 2 shows a counter track joint with 6 balls according to Figure 1 : 

a) A] In a longitudinal section with dimensional specifications: 

b) B} in a longitudinal section with further dimensional specifications : and 
e) C] the ball cage as a detail in a developed view. 



[0018] Figure 3 shows a counter track joint with 8 balls similar to that shown in 
Figures 1 and 2: 

a) A} with dimensions in a longitudinal section; 

B) in an angled position with further dimensional specifications ; and 

e) C} the ball cage as a detail in a developed view. 



[0019] Figure 4 shows an inventive joint with 6 balls in a second embodiment: 

a) A] in a complete view in a longitudinal section; 

b) B) the outer joint part as a detail in a longitudinal section ; and 
e) C] the inner joint part as a detailin a longitudinal section. 



[0020] Figure 5 shows the outer joint part of an inventive joint according to 
Figure 4 with further dimensional specifications in a longitudinal section. 



[0021] Figure 6 shows the inventive joint according to Figures 4 and 5 with 
further dimensional specifications: 

a) A) in a longitudinal section through the outer joint part; 

b) B} in a cross-section through the ball tracks ; and 
6) C) an evaluation table. 



[0022] Figure 7 shows the outer joint part of an inventive joint in a further em- 
bodiment in a longitudinal section with dimensional specifications. 

[0023] Figure 8 shows the outer joint part of an inventive joint in a further em- 
bodiment in a longitudinal section with dimensional specifications. 



[0024] 



Figure 9 shows an inventive 6-ball counter track joint with a definition 
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dimensional specifications of the counter tracksi 

a) A} in an axial vie w: and 

b) B} in a longitudinal section. 

[0025] ^Figure 10 shows an inventive 6-ball counter track joint with a definition 
dimensional specifications of the counter tracks^ 

a) A] in an axial vie w; and 

fe) B] in a longitudinal section. 

[0026] Figure 1 1 shows an inventive 6-ball counter track joint with a d e fin i tion 
dimensional specifications of the counter tracks; 

a) A) in an axial vie w: and 

fe) B) in a longitudinal section. 

[0027] Figure 12 shows an inventive 6-ball counter track joint with a d e fin i tion 
dimensional specifications of the tracks; 

a) A) in an axial vie w; and 

b) B) in a longitudinal section through the joint (RF track). 

[0028] Figure 13 shows an inventive 8-ball counter track joint with a dof i nition 
dimensional specifications of the counter tracks; 

a) A) in an axial view; 

b) B) in a first longitudinal section : and 
©) C} in a second longitudinal section. 

[0029] Figure 14 shows an inventive 8-ball counter track joint; 

a) A} in an axial view; 

b) B} in a first longitudinal section ; and 
©) C} in a second longitudinal section. 

[0030] Figure 15 shows an inventive 8-ball counter track joint; 

a) A] in an axial view; 

b) B] in a first longitudinal section : and 
©) C} in a second longitudinal section. 
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[0031] Figure 16 shows an inventive 8-ball counter track joint; 

a) A] in an axial view; 

B] in a first longitudinal section ; and 

©) C} in a second longitudinal section. 

[0032] Figure 17 shows an inventive 6-ball counter track joint with a definition 
of the tracks and with further details: 

a) A) the outer joint part in a longitudinal section; 

b) B} an outer track in a longitudinal section; 

6) C) the inner joint part in a longitudinal section; 

D} an inner track in a longitudinal section : and 
e) E] an evaluation table. 

[0033] Figure 18 shows an inventive 8-ball counter track joint similar to that 
shown in Figure 1 3, with a def i nition specification of individual parameters; 

a) A) in an axial view; 

b) B) in a first longitudinal section; 

e) C} in a second longitudinal section : and 
d) D] in a cross-section through the ball cage. 

[0034] Figure 19 shows an inventive 8-ball counter track joint similar to that 
shown in Figure 1 3 with a d e f i n i t i on specification of the tracks; 

a) A} man axial view; 

b) B] in a longitudinal section through the outer joint par t: and 
g) C] in a longitudinal section through the ball cage. 

[0035] Figure 20 shows an inventive driveshaft as incorporated into a motor 
vehicle in a partial longitudinal section. 

Detailed Description 

[0036] The two illustrations of Figure 1 will be described jointly below. An 
inventive constant velocity joint 11 comprises an outer joint part 12 with an aperture 
25 with a closed base 13 and an integrally attached journal 14. Furthermore, the 
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joint comprises an inner joint part 15, a ball cage 16 as well as torque transmitting 
balls 17. First outer ball tracks 18 and first inner ball tracks 19 accommodate balls 
17i and form first pairs of tracks with one another. Second outer ball tracks 20 and 
second inner ball tracks 21 form second pairs of tracks which receive second balls 
172. The two types of pairs of tracks are alternately arranged around the 
circumference. Tangents at the balls in the points of contact with the first pairs of 
tracks which are shown in the drawing, together, form an opening angle 6^ which 
opens in the direction towards the base 1 3. Tangents at the second balls 1 Tz in the 
points of contact with the second pairs of tracks, together, from an opening angle Sz 
which opens towards the aperture 21 of the outer joint part. When the joint is in the 
aligned condition and subjected to torque, said opening angles generate axial forces 
referred to as Fi and F2 and apply those to the balls and thus to the ball cage 1 6. A 
central joint plane E which receives the centres centers of the balls intersects the 
longitudinal axis of the joint in a joint contr o center M, which longitudinal axis of the 
joint is defined by the longitudinal axis A12 of the outer joint part and by the 
longitudinal axis A22 of the inner joint part. With reference to the c e ntre center lines 
L18 of the ball tracks 18 in the outer joint part 12, the tracks 18 in the central plane 
comprise a radius R2 whose c e ntr e center is offset by an axial offset O2 on the axis A 
relative to the joint c e ntr a center M, whereas the tracks 20 comprise an identically 
sized radius R5 whose c e ntr e center is offset by an offset O5 in the opposite direction 
relative to the joint centre center M. 

[0037] In Figure 2, any details identical to those shown in Figure 1 have been 
given the same reference numbers. In il l ustrat i on a) Figure 2A . a shaft 22 is inserted 
into the inner joint part 1 5. In addition to the longitudinal axis A12 of the outer joint 
part, there is shown the longitudinal axis A22 of the inner joint part which, in the same 
way, corresponds to the longitudinal axis of the inner joint part 15. With reference to 
the longitudinal axis A22, service life angles 20 are given on both sides; they indicate 
the maximum angle of articulation at which the joint can be operated without suffering 
any damage in the service life test. The service life test is meant to refer to a load 
spectrum which corresponds to the practical use of a joint in the course of the design 
service life. When the shaft 22 is articulated relative to the outer joint part 12 at the 
articulation angle 20 on both sides each, the balls 17i in the inventive ball tracks 18, 
19 carry out movements along the track c e ntr e center line, which movements are 
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defined by the life angle P on both sides each from the central joint plane E, wherein 
the legs of the angle are formed by the central joint plane E and by rays through the 
ball c e ntr e center . Il l ustrat i on c) Figure 2C shows the ball cage 16 in a developed 
view with three circumferentially distributed cage windows 23, 24. Balls 17i held in 
first pairs of tracks apply an axial force Fi to the ball cage and balls 172 held in 
second pairs of tracks apply an axial force F2 to the ball cage. Because of the 
alternating arrangement of first and second pairs of tracks, even when transmitting 
torque across via the joint, is axially balanced. 

[0038] In Figure 3. the same features have been given the same reference 
numerals, and modified features have been indexed by 100. In ill ustrat i on a) of 
Figure 3 3A, with reference to the longitudinal A22 of the shaft 22, there is shown on 
both sides each - in addition to the service life articulation angle 2p - the maximum 
articulation angle /Smax S^ffmax- Accordingly, with reference to the position of the ball 
centr e center relative to the outer joint part, there are again shown half the service 
life angles P as well hatf the maximum articulation angles jffmax/2 on both sides, 
starting from the central plane E. The ball positions in the outer joint part at the 
maximum joint articulation angle /Swa»2^rnax are shown in dashed lines. 

[0039] Il l ustr a t i on b) Figure 3B shows the maximum articulation angle at the 
joint HI in a direction in which the balls 1 7i move in the inventive pairs of tracks 4^ 
4© 118. 119 towards the aperture 21 of the outer joint part 42 112. Because of the S- 
shaped course followed by the inventive ball tracks 18, 19 118. 119 . the opening 
angle <5i between the tangents at the balls 1 7i in the first pairs of tracks has reversed 
its direction and also opens towards the aperture end 24 of the outer joint part 42 
112 , whereas the second pairs of tracks with tracks 20, 21 120. 121 of the Rzeppa 
joint type form an opening angle 62 whose size, admittedly, changes, but which, as in 
the aligned joint position according to Figure 2, continues to open towards the 
aperture end 24 of the outer joint part 42 112 . The directions of the forces Fi, F2 
acting on the balls in the sectional plane correspond to the opening angles 62. As 
can be seen in i ll ustration d) Figure 3C , all the ball forces, in respect of their effect, 
correspond to one another as regards their direction, even if not in respect of size, so 
that a counter force Fg for against the sum of the ball forces acting on the cage has 
to be applied by the outer joint part to the cage. In accordance with the invention. 
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such a cxjunter force Fq occurs only if the service life angle 2p is exceeded, while 
inside the service life angle the cage remains axially balanced. 



[0040] In Figure 4. similar features have been given the same reference 
numerals, and modified features have been further indexed by 100. Figure 4, in 
greater detail, shows a possible course which can be taken by the track c e ntre center 
lines Lis, I^19 of the outer joint part 212 and of the inner joint part 215 for the inventive 
ball tracks 18, 19 218. 219 according to a first embodiment. The inventive ball tracks 
whose course is represented by track c e ntr e center lines Li8, Lig are S-shaped, and 
the figure also shows the position of the turning point T1.2 which, starting from a 
radius R2 (outer joint part) and, respectively, R2' (inner joint part) is laid around an 
offset point O2 and 02- respectively, is positioned at an angle a relative to a radial 
plane, i.e. a plane extending parallel to the central joint plane E. Beyond the turning 
point T1.2, the track centre center line continues in a radius Ri (outer joint part), and 
respectively, Rr itself. In accordance with the invention, the turning point T1.2 as well 
as the turning point Ti-2' are positioned outside the angle sector of the angle y?y2 ^ as 
viewed on each side of the central joint plane E. As the reversal of the direction of 
the angle upon the turning point T1.2 being exceeded, takes place in the first pairs 
of tracks, the requirement as specified here ensures that, in the service life range 
(articulation of A22 relative to A12 < = 2/ff on both sides each) no axial forces occur at 
the cage, but that the cage is kept free from axial forces in the outer joint part. 

[0041] Whereas the service life angle ^ is a c e ntr e center angle with 
reference to the joint eerrtre center M - i.e. it starts from the longitudinal axis A12 and 
the central plane E respectively and, in this way, describes the position of a ball on 
the track c e ntr e center line L18, L19 - the c e ntr e center of the angle a at the tangent at 
the track c e ntre center line in the turning point T1.2 features an offset O2 and Or 
respectively relative to the joint contro center M. 

[0042] Figure 5 shows the relationship between the service life angle p with 
reference to the travel of the ball along the track centr e center line Lis in the outer 
joint part 212 relative to the turning point angle a, with the 
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a > y5 + arcsin 




being applicable. 



[0043] 



Figure 6, with reference to an outer joint part 42 212 according to 



Figure 5, shows the influence of the turning point angle a on the track enveloping 
angle e in the outer joint part. The track enveloping angle e Is defined as the angle 
between a radial plane R and a ray through the ball eentpe center and, respectively, 
the track c e ntr e center line Lis at a track edge. When the track enveloping angle e 
becomes small, there occur disadvantageous edge loads in the tracks +8 218 . which 
edge loads can lead to damage. The torque transmitting capacity is thus limited. Up 
to a turning point angle a of 16° the track enveloping angle e is still sufficiently large. 

[0044] Figure 7 shows the relationship between the service life angle with 
reference to the travel of the ball in the track {0) and the turning point angle a for a 
second possible embodiment of an inventive outer joint part 312 . This figure shows 
the first outer ball track 318 and second outer ball track 320. In the region around the 
central joint plane E, the c e ntr e center line Lis of the ball track 48 318 comprises an 
arch having a smaller radius Ra with a c e ntr e center M2 which, relative to the joint 
c e ntre center M, is offset by an axial offset O2 and by a radial offset a. The tangent 
at the turning point T1.2 is defined via said angle. From the turning point, the track 
centr e center line continues with an arch having a radius Ri around a eentre center 
Ml which is determined by the value of Ri and by the value of the angle a. Between 
the service life angle /? centered around the joint centre center M and the turning 
point angle a, there applies the equation; 



reference to the travel of the ball in the track ^ and the turning point angle a for a 
second possible embodiment of an inventive outer joint part 412. This figure shows 
the first outer ball track 418 and second outer ball track 420. In the region around the 




[0045] 



Figure 8 shows the relationship between the service life angle with 
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central joint plane E, the eentpe center line Li8 of the ball track 4S 418 comprises an 
arch having a smaller radius R2 with a centr e center M2 which, relative to the joint 
centr e center M, is offset by an axial offset O2 and by a radial offset b. The tangent 
at the turning point T1.2 is defined via said angle. From the turning point, the track 
centr e center line continues with an arch having a radius Ri around a c e ntr e center 
Mi which is determined by the value of Ri and by the value of the angle a. Between 
the service life angle 13 entered around the joint eentpe center M and the turning point 
angle a, there applies the equation: 



lines L18 of the outer ball tracks 1 8 a re c omposed of 518 comprise three arches 
having the radii Ri, R2, R3, with the arches of the radii Ri, R2 adjoining one another via 
a turning point, whereas the ce nt re center lines L20 of the second outer ball tracks 20 
520 are defined by an arch having a radius R5 with an adjoining axis-parallel straight 
line. As compared to Figure 1 . further modified features have been indexed bv 500. 

[0047] Figure 10 shows an inventive 6-ball joint 611 wherein the c e ntr e center 
lines L18 of the outer ball tracks 18 ar e composed of 518 comprise three arches 
having radii Ri, R2. R3, with the arches of the radii Ri, R2 adjoining one another via a 
turning point, whereas the c e ntre center lines L20 of the second outer ball tracks 20 
620 are defined by two arches with the radii R4. R5 which adjoin one another via a 
turning point. As compared to Figure 9. modified features are indexed bv 600. 

[0048] Figure 1 1 shows an inventive 6-ball joint wherein the c e ntre center lines 
L18 of the outer ball tracks 18 ar e com po s e d o f 518 comprise three arches having the 
radii Ri, R2, R3, with the arches of the radii Ri, R2 adjoining one another via a turning 
point, whereas the c e ntr e center lines L20 of the second outer ball tracks 20 720 are 
defined by an arch having a radius R5. The second tracks are thus of the same type 
as the tracks of RF joints. As compared to Figure 9. modified features are indexed 
bv 700. 




[0046] 



Figure 9 shows an inventive 6-ball joint 511 wherein the c e ntr e center 
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[0049] Figure 12 shows an inventive 6-ball joint wherein tfie centre center lines 
Li8 of tfie outer ball tracks 18 ar e compos e d of 818 comprise two arches having tlie 
radii Ra, R3 and a straight line tangentially adjoining the radius R2 in the direction 
towards the aperture, whereas the c e ntr e center lines L20 of the second outer ball 
tracks 20 720 are defined by an arch with a radius R5. As compared to Figure 1 1 . 
modified features have been indexed by 800. 

[0050] Figure 1 3 shows an inventive 8-ball joint wherein the c e ntr e center lines 
L18 of the outer ball tracks 1 8 ar e compo se d of 918 comprise three arches having the 
radii Ri, R2, R3, wherein the arches of the radii Ri, R2 adjoin one another via a turning 
point, whereas the c e ntr e center lines L20 of the second outer ball tracks 20 920 are 
defined by an arch having a radius R5 with an adjoining axis-parallel straight line. As 
compared to the proceeding figures, modified components have been indexed by 



[0051] Figure 14 shows an inventive 8-ball joint wherein the ce ntr e center lines 
L18 of the outer ball tracks 18 ar e compos e d of 918 comprise three arches having the 
radii Ri, R2, R3, wherein the arches having the radii Ri, R2 adjoin one another via a 
turning point, whereas the centre center lines L20 of the second outer ball tracks 20 
1020 are defined by two arches having the radii R4, R5 which adjoin one another via 
a turning point. As compared to Figure 1 3. modified features have been indexed by 
1000. 

[0052] Figure 1 5 shows an inventive 8-balt joint wherein the eentfe center lines 
L18 of the outer ball tracks 1 8 are composed of 91 8 comprise three arches having the 
radii Ri, R2, R3, wherein the arches of the radii Ri, R2 adjoin one another via a turning 
point, whereas the centre center lines L20 of the second outer ball tracks 20 1120 are 
defined by an arch with a radius R5. The second tracks are thus of the same type as 
the tracks of RF joints. As compared to Figure 13. modified features have been 
indexed by 1 100. 

[0053] Figure 16 shows an inventive 8-ball joint wherein the c e ntr e center lines 
of the outer ball tracks 18 ar e compos e d of 1218 comprise two arches having the 
radii R2. R3 and a straight line tangentially adjoining the arch having the radius R2 in 
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the direction towards the aperture, whereas the ce nt re center lines L20 of the second 
outer ball tracks 20 1120 are defined by an arch having a radius R5. As compared to 
Figures 13-15. modified features have been indexed by 1200. 

[0054] Figure 17 shows in detail the shape of the first outer ball tracks 18 and 
of the first inner ball tracks 19 for a 6-ball counter track joint according to Figure 1, 
with the centre center line Lis of the first outer ball track 18 being compos e d of t wo 
comprising two arches with the radii Ri, R2, as already described above, and with the 
c e ntre center line L19 of the inner ball track 19 consist i ng of comprising two arches 
with the radii Rr. R2' which are symmetrical relative to the joint eentfe center M. In 
addition, the Figure shows, in the form of a table, the relationship between the turning 
point angle a and the track enveloping angle e for the track 18 in the outer joint part 
and the traok e n v el op i ng track enveloping angle e' for the track 19 in the inner joint 
part. This shows that it is necessary for a >= 10° and <= 18° to be able to ensure 
satisfactory enveloping angles e, e'. 

[0055] Figure 18 shows an inventive 8-ball joint which corresponds to that 

shown in Figure 13, with the ball cage 4€ 916 additionally being shown in the form of 
a detail in the cross-sectional view. Furthermore, it can be seen that the cage 
windows 4-3 913 for the first balls 17i comprise a shorter circumferential length Li 
than the cage windows 24 924 for the second balls 1/2 which comprise a longer 
circumferential length L2. The outer ball cage diameter has been given the reference 
symbol DCA and the inner cage diameter the reference symbol DCI, in both cases 
with reference to the central plane E in which the ball cage 916 is shown in section. 
The circumferential width of the cage webs, on the outside, has been given the 
reference symbol W. The pitch circle radius diameter of the balls in the joint is 
referred to as PCDB, whereas the insertion aperture for the shaft in the inner joint 
part comprises a diameter PCDS. In case the connection between the inner joint 
part 4§ and the shaft 22 (not shown) is produced via shaft teeth, said diameter PCDS 
equals the mean teeth diameter of the shaft teeth in the inner joint part. 

[0056] Figure 19, which refers to an 8-ball joint, shows the track c e ntre center 
lines at the outer joint part 1012 and at the inner joint part 1015 separately. The first 
outer tracks 18 ar e composed of 918 comprise the three above-mentioned arches 



Marked-Up Copy Substitute Specification 17 10/562,962 

with the radii Ri, R2, R3.[[.]] whereas the track eentfe center line of the first inner ball 
track consists of 919 comprises three identically sized arched having the radii Rr, Ra , 
Ry positioned symmetrically relative thereto. The two second outer ball tracks am 
compos e d of 1020 comprise arches having the radii R4 and R5, whereas the 
corresponding second inner ball tracks 34 1021 . with reference to the joint centr e 
center M, comprise arches with the radii R4', Rs- arranged symmetrically relative 
thereto. The greatest outer diameter of the outer joint part is referred to as OD and 
the axial length of the inner joint part as L. 

[0057] Figure 20 shows a driveshaft incorporated as a sideshaft into a motor 
vehicle. The figure shows an inventive driveshaft comprising an inventive constant 
velocity joint 1 1 in the form of a monoblock joint, furthermore an intermediate shaft 35 
and a second constant velocity joint 31 which can also be an inventive joint, more 
particularly designed identically to the joint 1 1 . The intermediate shaft 35 comprises 
an axial displacement unit 28 which, as major components, comprises a sleeve 29, a 
journal 30 and torque transmitting balls operating between the sleeve 29 and the 
journal 30, but which is not shown in greater detail and which permits an adjustment 
in the length of the driveshaft between the constant velocity joints 11, 31 . The shaft 
journal of the inventive joint 11 has been inserted into a differential drive 32 and is 
secured therein, whereas the shaft journal of the second fixed joint 31 has been in- 
serted into a wheel hub assembly 33 with a wheel bearing 34. 

[0058] An inventive counter track joint with 8 balls for an angle of articulation of 
47° - 52° is optimized if the following relationships are observed between individual 
measured parameters: 

1/5<PCDB/R1 <1.9 
1.8<PCDB/R2 <2.2 
2.3<PCDB/R3 <2.7 
2.1 <PCDB/R4 <2.5 
1.8<PCDB/R5 <2.2 
12 < PCDB/02 < 16 
12 <PCDB/05 <16 



0.6 < PCDB / OD < 0.8 
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2.1 <PCDB/L <2.5 



3.4 < PCDB / DB 


<4.0 


2.1 <PCDB/DS 


<2.5 


0.75 < PCDB/ DCA< 1.05 


0.85 < PCDB/ DCK 1.15 


7.5 < PCDB/W 


< 11.5 


2.8 < PCDB / LI 


< 3.4 


2.6 < PCDB / L2 


<3.2 



[0059] In said relationships, the parameters used have the following meaning: 

PCDB: pitch circle diameter of balls 

R1 : outer part ball track radius 1 (first ball tracks) 

R2 : outer part ball track radius 2 (first ball tracks) 

R3 : outer part ball track radius 3 (first ball tracks) 

R4 : outer part ball track radius 4 (second bail tracks) 

R5 : outer part ball track radius 5 (second ball tracks) 

02 : outer part ball track offset for track with opening angle towards attaching end 
05 : outer part ball track offset for track with opening angle towards aperture end 
OD : outer diameter outer part 
L : length Inner part 
DB : ball diameter 

PCDS: pitch circle diameter of splines 
DCA : cage outer diameter 
PCI : cage inner diameter 
W : cage web width 

LI : cage window length 1 (first cage windows) 
L2 : cage window length 2 (second cage windows). 
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Abstract 

[0060] A constant velocity counter track joint (1 1 } i n the form of a counter traol^ 
joint with th e fo l low i ng character i st i cs: having an outer joint part 12 which compris e s 
a first l ongitudinal ax i s A42 and an attach i ng end and an aperture end wh i ch ar e 
axia ll y oppos e d relativ e to on e anoth e r, and which joint 1 1 furth e r compris e s with first 
outer ball tracks (18} and second outer ball tracks (201[[;]] an inner joint part 
wh i ch comprises a s e cond l ongitudina l ax i s A gg and attaching m ea ns for a s teft^ 
pointing to th e ap e rtur e e nd of th e out e r joint p a rt 1 2, and wh ich fur t he r compris e s 
with first inner ball tracks (19} and second inner ball tracks (21 }.[[;]] th e first outer ba ll 
tr a cks 18 and the f i rst i nn e r ba ll tracks 19 form first pairs of tracks th e second outer 
ba ll tracks 20 and th e s e cond inn e r ball tracks 21 form second pairs of tracks w i th 
on e anoth e r and th e pairs of tracks e ach accommodate a torqu e transm i tt i ng ba l l 1 74 7 
17 2 ; a A ball cage (16} is positioned between the outer joint part 42 and the inner joint 
part 1 5 and compr i s e s circumf e r e ntia ll y d i str i but e d with cage windows QA^t^ which 
each accommodate at least one of the balls. 4^ 4. 17^; when When the joint is in the 
aligned condition, the aperture angle i6^), of the firet pairs of firet tracks opens in the 
central joint plane (E} from the aperture end to the attaching end of the outer joint 
part (12}^_and ;whon the jo i nt i s in the al i gned condition, the aperture angle 162} of the 
s e cond pairs of second tracks opens in the opposite direction, c e ntra l jo i nt plane E 
from th e a ttach i ng e nd to th e a p e rtur e e nd of th e out e r jo i nt p a rt 12, wh e r ei n th e The 
central track lines (L18, L19} of the first pairs of tracks each have a turning point (Ti.2i 
and that the c e ntr e center angle (y?) from the joint center to [[at]] the turning point (Ti. 
2}, with r e fer e nc e to the c e ntral joint plane E is greater than 4°. 



